Black oat crop occupies the largest area during winter. It is important for animal production, crop rotation and dry matter production of approximately 3.8 million hectares in Rio Grande do Sul State. To ensure sowing, seeds are produced which must have high quality standards and must be evaluated by seed testing laboratories. Given this, the present study evaluated the physical and physiological quality of oat seeds analyzed by the Seed Analysis Laboratory of UNIJUI from 2006 to 2014. 2,910 samples were evaluated; 2,229 were evaluated with seed production process; 357 were evaluated with seed analysis of own use and 324 were evaluated with tetrazolium analysis. The samples obtained through seed production process were analyzed in terms of their physical and physiological aspects, while the own seed and tetrazolium test used were evaluated only in terms of their physiological attributes, following the methodology described in the Seed Analysis Rules. The data were analyzed through descriptive statistics for each variable studied per year, and the averages, maximum and minimum standard deviation and coefficient of variation were identified. The data were also evaluated based on their dispersion, and compared to weather occurrences and national standards, in order to estimate the percentages of samples approved. Seeds produced according to the National Seed system had high  levels of physical and physiological quality from 2006 to 2010. However, between 2011 and 2014, 14.0  and 14 .5% of the samples were above the standard levels for seeds of other cultivated species and harmful prohibited species respectively. The own used seeds showed greater variability and dispersion, with 18.1 and 31.7% samples below the standards for germination in the years 2006 to 2010 and 2011 to 2014, respectively, while the samples analyzed through the tetrazolium test showed approved levels of 19.4 and 12.5%, respectively. The major physiological qualities were obtained in 2008, 2010 and 2011 and the lowest in 2009, 2012 and 2014. It is noteworthy that the seed quality is related to years with levels of rainfall and appropriate temperatures for vegetative development, physiological maturity and harvest.
INTRODUCTION
The use of seeds with high genetic, physical, physiological and health quality constitutes a decisive element for the implementation of crops with the potential to maximize the cultivars' performance. The seeds have evolution of tillage, crop rotation and training straw were used, with benefits to the successor species (Carvalho et al., 2010; BortolinI et al., 2000) . In support of seed production system, studies have been carried out to assess the physical and physiological quality in order to clarify the standards presented by the seeds produced. Nakagawa et al. (2004) showed that seed oats originating from soil with lower fertility had less storage capacity, especially in natural laboratory environment with zero percent germination after 48 months. The seeds produced in the most fertile soil germinated above 90% at 60 months, when stored in airconditioned environments and greater storage capacity was enhanced in less favorable storage conditions. Work performed by Fonseca et al. (1999) showed that only 47% of ryegrass seed samples showed standards of purity and germination according to the RS standards; 81% had standards for germination and 54% met the physical standards of purity.
Study on ryegrass seeds carried out in 2005 to 2007, in the state of Paraná showed that in the harvests of 2005 and 2006 most of the samples of pure seed had 86 to 96% below the National Standard, which is 97%. In 2007, 100% of the samples of Italian ryegrass were within the standard (Ohlson et al., 2008) .
The same study showed in the germination test, that 46% of the samples had lower germination percentage than the standard in 2005 and 64% of the samples of Italian ryegrass had lower germination percentage than the standard in 2006. In 2007, 100% of the samples of ryegrass had germination percentage above the standard, which is 70%.
Studies performed in 2008 to 2010 concluded that from 50 to 100% depending on the year and cultivar, the samples of ryegrass were below the standard for the parameter of pure seeds. Regardless of the reporting year, the predominant cultivar was ryegrass (66 to 100%), and all samples belonging to the category S2 (Ohlson et al., 2011a) .
Colonião grass analyses showed that all samples of cultivar Tanzania were below the standard in pure seed parameter; for the cultivar, Mombasa, from 50 to 82% depending on the season, they did not reach the standard. The same was observed in cultivar Aruana in 2007 season, when only 50% samples were framed in this parameter. In 2007, 100% of pearl millet samples of BRS 1501 cultivar were below the standard for pure seed in the State of Paraná (Ohlson et al., 2010) .
In Brachiaria brizantha, Ohlson et al. (2011b) showed that from 97 to 100%, depending on the year and cultivar, the samples were class S2 (not certified seed of the second generation); and from 55 to 100%, depending on Sul, from 2006 , Santa Maria, 2016 Category 2006  2007  2008  2009  2010  2011  2012  2013  2014  Total  Seeds S1 and S2  256  281  260  394  547  116  139  184  52  2229  Own use  44  44  25  47  55  39  40  38  25  357  Tetrazolium analysis  84  42  42  46  38  31  20  11  10  324  Total  384  367  327  487  640  186  199  233  87  2910 S1; S2, Not certified seed, first and second generation, respectively.
the year, the samples reached the minimum for pure seeds in Paraná State.
In the analyses of seeds carried out with 106 samples of B. brizantha 11 Brachiaria humidicola and 38 samples of Panicum maximum in the State of Rondônia, 85.9, 72.7 and 94.7%, respectively were below the standards, and the main reason for the low quality was impurity (Parmejiani et al., 2014) .
As it is observed, there is a great variability in the quality of forage seeds produced, a fact that may impact the establishment of appropriate plant stand and the productive potential of these species. Thus, it is important to characterize and categorize the physical and physiological attributes of the seeds produced and associate them with national quality standards in order to indicate the use of seeds with high quality standards.
Given this, the present study has the general objective of evaluating the physical and physiological quality of black oat seeds produced in Southern Brazil, and specifically, to characterize the physical purity levels presented in the samples, the percentage of pure seeds, other seeds and inert material, as well as studying the occurrence of other seeds. The study aimed also to associate the quality of seeds to the production profile either by companies or for their own use, and the possible effects caused by meteorological factors.
MATERIALS AND METHODS
This work was carried out by using Seed Analysis database from the Laboratory of Seeds Analysis -Agronomy Course, Agrarian Studies (DEAg), Universidade Regional do Noroeste do Estado do Rio Grande do Sul (UNIJUÍ), located in the city of Ijuí, RS. The department was accredited in 1995 by the Ministry of Agriculture, Livestock and Supply.
The analysis results of black oat seeds were evaluated (Avena strigosa Schreb.), belonging to 2006 to 2014 crops (Table 1) . 2,910 samples were considered. Out of these, 2,229 were members of the seed production process and all samples belonged to the categories S1 and S2 (not certified seed from first and second generations, respectively). It was also studied the results of 357 seed samples intended for their own use, as the current legislation assures Brazil (1997) and Brazil (2003) and 324 seed analysis evaluated by the tetrazolium test. The number of samples, for example, accounted for 5.1% of the total of 96,086.72 tons of oats seeds produced in the state of Rio Grande do Sul in 2013 (Rio Grande Do Sul, 2014 .
Analyses of physical and physiological quality of the seeds were carried out following the methodology recommended by the Seed Analysis Rules (BRAZIL, 1992 (BRAZIL, , 2009 Ministerial Order No. 381/1998 (Ministry, 1998 . The determination of harmful species, complementing the purity analysis was carried out until the year 2010 , according to Ministerial Order No. 381/1998 (Ministry, 1998 , 1992 . This determination was changed to the determination of other seeds by number, including other cultivated species, wild and harmful tolerated and prohibited species, because the Instruction No. 33/2010 was in force (Ministry, 2010) . These measurements were performed in samples of 500 g.
The completion of the germination test also followed the recommendations for the species. Pre-drying was done at 35°C for seven days. After that, the seeds were sown on roll paper, with four replications of 100 seeds and placed in a chamber at 20°C temperature. In the evaluation, the percentage of normal seedlings, abnormal seedlings and dead seeds was determined (Brazil, 1992 (Brazil, , 2009 ). Work done by Grzybowski et al. (2015) showed that predrying may be carried out for five days. The tetrazolium test which determines the feasibility of seeds also followed the criteria established in the rules for seed testing.
Samples of seeds originating in the production process following the national system of seed production and seedlings were analyzed for purity and germination, while the samples of own use of seeds were analyzed only with germination test. The tetrazolium analysis is used in the seed production process, as previous analysis, or own use of seeds, with an effective test for the rapid assessment of the viability of oats seeds (Souza et al., 2009) .
The standards used to compare the results of analyses carried out by the year 2010 are as follows: Minimum germination of 75%, minimum 95% of pure seeds, maximum of 50 seeds from other cultivated species, 40 seeds of wild species, 40 seeds of tolerated harmful species and zero of harmful prohibited species seeds, according to Ministerial Order No. 381/1998 (MINISTRY, 1998 .
From the year 2010, for seeds belonging to S1 and S2 categories, not certified seeds from first and second generation, respectively, the following standards were used: Minimum germination of 80%, minimum of 97% of pure seeds, maximum 1% of other seeds, up to 16 seeds of other cultivated species or 20 from the oat species, and a maximum of 48 seeds for the category S2, up to 20 wild seeds, six harmful tolerated seeds and zero prohibited harmful seeds as stated in Instruction No. 33/2010 for black oat (Ministry, 2010) .
The results were submitted to descriptive statistical analysis based on the years studied and we identified the outliers from the mean, standard deviation and coefficient of variation, using the GENES program (Cruz, 2013) . There was also the presentation of data in scatter plots, with the assistance of the Office Excel 
RESULTS AND DISCUSSION
The average percentage of pure seed was 99.4% studied in nine years (Table 2 ). In every year there were samples with 100% pure seed. The standard deviation of the average was 0.48. These data indicate higher levels of quality than those obtained by Fonseca et al. (1999) in ryegrass. The data also show superiority when compared to data from other similar works with analysis of forage species seed (Ohlson et al., 2008 (Ohlson et al., , 2011a Parmejiani et al., 2014) . This is due probably to the efforts and investment made by the seed companies in order to obtain seeds with a high degree of physical purity. The presence of inert material reached an average of 0.47% over nine years, with a maximum of 3.3% in 2007. These data, combined with an average standard deviation of 0.39, indicate a low degree of presence of these impurities, meaning that the seeds were harvested and processed efficiently in removing this material. In inert material, straw, soil particles, dust, part of caryopses, palea, lemma and culture remained was found.
The average presence of other seeds was 0.13% and the standard deviation was 0.26 (Table 2 ). This variable also has a low average value, since the maximum is 1% of the sample (Ministry, 2010) . As for the presence of other seeds by number, the average was 11.5 seeds and the average standard deviation was 20.74 ( Table 2 ). The data indicate that there was a great variability in the samples analyzed for this variable. Out of these, 9.3 seeds per sample were seeds of other cultivated species, wild seeds 0.5, 1.7 seeds harmful tolerated species and zero of harmful prohibited.
The presence of grown species seeds was on average 9.3 seeds per sample and a high standard deviation of 18.3 (Table 2) . Data maximum numbers indicate samples with up to 315 seeds, in 2010, for a maximum permitted up to 16 seeds of other cultivated species and 20 seeds of the oat species (Ministry, 2010) . The high seed values of other cultivated species was mainly due to the presence of Lolium mulflotum Lam presenting limitations of specific products for their management and control in areas of black oat.
Wild species of seeds occurred, on average, 0.5 seeds per sample, standard deviation of 1.27. The highest data occurred in 2006 with 1.2 seeds on average per sample ( Table 2 ). The occurrence of wild species seed was low, since it is allowed up to 20 seeds per sample (Ministry, 2010) .
The average presence of harmful species tolerated seeds was 1.7 seeds per sample, occurring more sharply in the years 2011 and 2012 in which 4.8 and 4.2 seeds occurred per sample, respectively. The average standard deviation was 1.71. The increased presence of harmful tolerated species of seed was given mainly due to the reframing of Avena barbata Pott ex Link that went from wild to harmful tolerated, and allowed only six seeds per sample (Ministry, 2010) .
The presence of harmful prohibited species seeds was observed in a sample in 2006. This indicates that seeds produced had no seeds of harmful prohibited species expressing a high degree of purity regarding this physical attribute. Figure 1 shows the samples of scatter plots for purity analysis, containing the percentage of purity, inert material and other seeds, the number of other seeds by number, the number of crop species seeds, the number of wild seed and the number of seeds of harmful tolerated species in oat seed samples produced in the seed production process following the national system of seeds and seedlings.
Analysis of the physical attributes found a high degree of physical purity over the years, as shown in Figure 1A . There were slight increases in levels of the percentage of inert material in 2007 and 2010 ( Figure 1B) , and percentage of other seeds in 2006 , 2008 .
Regarding the number of other seeds by number, a significant increase in rates in 2010 and 2011 can be observed ( Figure 1D ). In these years, there was an increase in the number of other seeds of cultivated species, especially ryegrass ( Figure 1E) . A trend to reduce the number of seeds of wild species and the increase of seeds of harmful tolerated species from the year 2010 may be noted, also. This is due mainly to the changing frame of the species A. barbata Pott ex Link that went from wild species to harmful tolerated species, based on Instruction No. 33/2010 33/ (Ministry, 2010 .
The results of physiological analysis of black oat seeds evaluated by germination test are shown in Table 3 . The average germination was 90.3% over the nine years of analysis, with mean maximum of 98.7%, average minimum of 59.3% and a standard deviation of 6.0. In 2008, 2010 and 2011 averages above 92% of normal seedlings were obtained, and in the years 2009, 2012 and 2014 the averages were below 90%.
Abnormal seedlings had an average of 5.6%, with 0.5% average of the minimum and 18.6% of average maximum and a low average standard deviation of 3.6. There was percentage of abnormal seedlings in the year 2012; an average of 8.2% (Table 3) .
Dead seeds showed an average of 4.1%, ranging from zero to 30.5%, average of the maximum and average standard deviation of 3.7 (Table 3 ). The percentage of dead seeds was higher in 2014, with 7.5%, and this year was considered a year with a low average germination.
The physiological attributes of seeds, evaluated by the germination test, can be seen in Figure 2 . The same shows that there was less dispersion of normal seedlings in the years 2011 and 2013 and increased dispersion in the year 2009, which was a year with lower germination means (Figure 2A ).
Abnormal seedlings rates exhibited higher dispersion in the years 2007, 2009 and 2012 ( Figure 2B ) and dead seedlings indexes showed the highest dispersion in the years 2009 and 2014 ( Figure 2C ).
The results of the analysis of own use seeds germination are shown in Table 4 . The average germination was 83.2%, the average maximum was 98.2%, average minimum was 26.2% and a standard deviation was 15.4. The averages were higher in 2007 and 2013, whereas in the years 2012 and 2014 averages were below 80%. The percentage of abnormal seedlings was 5.9%, while the percentage of dead seeds was 10%.
By comparing the data analysis of the germination seeds produced in the seed production process with own use seeds, a reduction in average percentage of 90.3% germination was observed for 83.2%, increase in deviation standard from 6.0 to 15.4 and increase of the percentage of dead seeds from 3.7 to 10%. The data presented above indicate that the physiological quality of own use seeds were lower than seed produced in the seed production process, possibly because the seed producers can manage, harvest and process the seeds, making batches with better physiological standards. Whereas own use seeds probably receive lower levels of investment in crops management, minor care in harvesting and processing. For both categories of seeds in the years 2012 and 2014, lower results were obtained in terms of physiological quality, due to adverse environmental conditions.
In Figure 3 , it is presented the scatter plots for normal seedlings, abnormal seedlings and dead seeds in samples of own use seeds and viability (%) of seeds evaluated by the tetrazolium test. As for the own use seeds, there is less dispersion of results for the variable normal seedlings in the years 2008, 2011 and 2013, being considered the best years in terms of physiological quality. However, a greater dispersion of data occurred for this indicator in 2006, 2009, 2012 and 2014. In terms of abnormal seedlings, data point to the years 2009 and 2012 with higher dispersions, meaning loss of physiological quality. In terms of dead seeds, the data dispersions were higher in the years 2006, 2010, 2012 and 2014. The results of the samples analyzed by the tetrazolium test are shown in Table 5 . The average viability was 81.9%. In 2010, the average viability was only 60.7% for a 80% minimum standard, according to Normative Instruction No. 33/2010 (Ministry, 2010 . In this year, there were significant number of samples with low levels of viability, probably due to the introduction of a practice of pre-harvest desiccation that interfered with the seeds germination ( Figure 3D ). The highest average was 93.4%, obtained in 2013, considered the best year for this category of seeds.
The standard deviation was the highest in terms of physiological quality, with 19.5. This means that there was great variability in the samples analyzed, which can be seen by observing the dispersion shown in Figure 3 D, in which the years 2006, 2008, 2009 and 2010 stood out. It should be noted that the tetrazolium test is widely accepted and used for previous analysis of seed samples produced according to the national seed system, as well as for own use seed evaluation, to be an effective test for the rapid assessment of the viability of oats seeds (Souza et al., 2009) . The results of the percentage of samples classified as below the minimum standard required by the legislation in black oat seeds, both for seeds obtained in the seed production process, identified as seeds, as well as proper use of seeds and seeds analyzed through the tetrazolium test are shown in Table 6 .
In Table 6 , it can be observed that no sample was below the standard for physical purity of the seeds, that is, all samples were within the standards required by law, with a minimum of 95% by 2010 and 97% based on Instruction No. 33/2010 (Ministry, 2010 .
From 2006 to 2010, 1.8% of the samples were below the standard for variable percentage of other seeds, that is, 98.2% of the samples were within the required standards (Table 6 ). In 2011 to 2014, no sample was approved in this parameter which indicates also that the seeds showed a high degree of physical purity.
From 2006 to 2010, 3.1% of the samples were rejected for the presence of other seeds from cultivated species, while from 2011 to 2014, 14% of the samples was rejected ( Table 6 ). The elevation of disapproval percentage in the last period is due in part to the inclusion of this analysis in the determination of other seeds by number, in the sample of 500 grams (before it was performed the purity sample in 100 g), and reduction 50 to 16 seeds as limit from other seeds of cultivated species present, as stated in Instruction No. 33/2010 for oat (Ministry, 2010) .
No sample was outside the standards for the presence of seeds of wild species over the nine years of study.
From 2006 to 2010, no sample was approved for the presence of seeds of harmful tolerated species; however, from 2011 to 2014, 14.5% of the samples were exposed. There was increased failure percentage in the last period, due, in part, to a reduction from 40 to six seeds as a limit on the sample of 500 g and the inclusion of wild species in harmful tolerated ratio, A. barbata L., based on Instruction No. 33/2010 for oat (Ministry, 2010) .
The physical purity parameters indicate high degrees of purity of the samples analyzed, except for the number of cultivated species of seed and the number of seeds of harmful tolerated species reached levels of 14 and 14.4%, respectively, from 2011 to 2014. The increase in disapproval level of samples occurred largely because of the changes in the patterns introduced by the Normative Instruction No. 33/2010 33/ (Ministry ..., 2010 .
In Table 6 , it is observed that only 0.7% of the samples did not meet the standard for germination from 2006 to 2010, and 3.8% were below the minimum from 2011 to 2014. These data point to high levels of physiological quality of the seeds analyzed, and the increase of seeds that have not reached the standard, was due, in part, to raising the minimum germination from 75% to 80%, as determined by the Normative Instruction No. 33/2010 33/ (MINISTRY, 2010 .
The data obtained for the analysis of seeds obtained in the seed production process indicate high physical and physiological quality conditions of the desired plant population per area (Krzyzanowski, 2013; Marcos-Filho, 2013) .
The index of samples that did not reach the minimum germination standard in own use seeds was 18.1% from 2006 to 2010 and increased to 31.7% from 2011 to 2014 (Table 6 ). That is, close to one third of the samples analyzed for the purpose of own use did not provide the standard of viability to be used for sowing.
For the samples analyzed by the tetrazolium test, 19.4% were below the standard in the years from 2006 to 2010, decreasing to 12.5% from 2011 to 2014. In this test, prior analyses are carried out in the seed production process and/ or own use. This probably explains the high data samples below standard, although there was a reduction in the last period, unlike what happened with Carbonera et al. 521
the own used seeds. The changes introduced by legislation with regard to increasing the minimum percentage of germination and the decrease in the number of seeds of other cultivated species and the number of seeds of harmful tolerated species increased considerably the number of samples approved.
The years 2009, 2012 and 2014 suffered negative effect from meteorological factors of maximum temperatures and rainfall being that intense rainfalls which occurred during the vegetative growth favor leaching and nutrient losses and heavy rains during the physiological maturity and harvest interfere negatively on physiological seed quality. This is because harsh environmental conditions may change the preferential metabolic drain, wherein the vegetative plant parts and roots become preferred drains to the detriment of reproductive organs or seeds, affecting the yield and quality of seeds (Pedó et al., 2013) . In addition to environmental conditions, the composition of the seeds can affect the quality thereof, as identified in soybean seeds by Castro et al. (2016) , who find that seeds that had higher lignin content in the seed coat had lower percentages of damage from moisture and better physiological qualities.
The physiological attributes were enhanced when it comes to performance in 2008, 2010 and 2011, due to the levels of rainfall and appropriate temperatures for their vegetative development, physiological maturity and harvest (Figure 4 ).
Conclusion
The black oat seeds produced between 2006 and 2010, according to the National Seed System, had high levels of physical and physiological quality. However, 14.0 and 14.5% of the samples exhibited seeds levels from other cultivated species and harmful prohibited species above the standards, respectively, from 2011 to 2014. Own used seeds showed wide variability in results, with 18.1 and 31.7% of samples below standard for germination from 2006 to 2010 and 2011 to 2014, respectively, while the samples analyzed through the tetrazolium test showed disapproval levels of 19.4 and 12.5%, respectively.
The major physiological qualities were obtained in 2008, 2010 and 2011 and the lowest in 2009, 2012 and 2014 . It is noteworthy that the seed quality is related to the years with levels of rainfall and temperatures appropriate for the vegetative development, physiological maturity and harvest.
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